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Summary
Soil erosionhasbecomeabasicproblemfor theinhabitants
of the Simenmountains.The map in this articleshall
contributeto thebasicknowledge,whichshouldleadto a
soilconservationprogramfor Simen*"'.Damagecausedby
soil erosionwasmappedin theautUmnof 1974by means
of
* Departmentof Geography,Universityof Berne,Haller-
strasse12,CH-3012Berne,Switzerland
** This articleis a slightlymodifiedtranslationof the
article"Bodenerosionin Semien- Athiopien",Gee-
graphicaHelvetica,H.4/1975: 157-168by thesame
author.
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I) differentiationof thecultivatedlandintofourclassesof
. damage:Extremely,heavily,moderatelyandlightly
damagedare;u.
2) depthof thetopmostblackhorizon(whichis essential
forcultivation),presentedareawise. .
3) formsof watererosion.
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Soil erosionprincipallyoccursonthebarleyfields(cultivat-
ed land).Tendencyto damageaccordingto slopeaspect,
form and inclineis clearlyshown.An' evolutionof the
forms of soil erosioncan be derived.The need for
protectivemeasuresagainstsoilerosionisevident.Together
with stUdiesaboutsoil erosionprocesses,this mapwill
contributetoanappropriatesoilconservationprogram.
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98 Zusammenfassung
99 Bodenerosionist fur die BewohnerdesSemiengebirgeszu
einemProblemvonlebenswichtigerBedeutUngeworden.
Die indiesemArtikelpublizierteKartewurdealsGrundlage
. understerSchrineinesBodenkonservierungs-Programmes
zur Bekiimpfungder Bodenerosionund Erhalrongder
Bodenschichterstellt**.l\.lit ihr soli das Ausmassder
SchadigungdurchBodenerosionfestgehaltenwerden.Die
KartezeigtdenakroellenZustandimHerbst1974.Boden-
erosionsschadenwurdenargestelltdurch:
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1)Klassierungder Ackerfliichenm verschiedeneSchadi-
gungsgrade:Sehr schwer,schwer,massigund gering
geschadigteFlachen.
2) Machtigkeitdesobemen,schwarzenHorizontes,derfUr
denGetreideanbauvongrundlegenderBedeutUngistund
stellenweisechonganzerodiertwurde.
3) FormenderAbspiilung.
DieKartezeigt,dassBodenerosionhauptsiichlichimbebau-
ten Ackerlandauftritt.Tendenzender Schadigungnach
Exposition,FormundNeigungdesHangeswerdendeutlich.
Eine GenesederBodenerosionsformenisterkennbar.Mag-
lichkeitenfur Schutzmassnahmengegendie Bodenerosion
sind vorhanden,jedoch miissenzuerstnoehdie BQden-
erosionsprozesseuntersuchtundfUrdieprakrischeAnwen-
dungmiteinbezogenwerden.
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Resume
Pour leshabitantsdesmontagnesdu "Simen"I'erosiondu
sol revetuneimportancevitale.La cartepublieedanscet
articlesertdebaseaunpremierprogrammedepreservation
du sol afin de combattrel'erosionet de sauvegarderla
terre**.La presentecartepermetd'evaluerl'etenduedes
dommagesprovoquespar l'erosion.La carterepresentela
situationen automne1974.Cesdegatsontdecritsde la
manieresuivante:
1)uneclassificationdesterresarablesendifferenteszones
de dommages:dommagestresimportants,importants,
moyens,insignifiants. .
2) l'epaisseurde la couche.superieurede l'horizonfonce,
qui estd'uneimportanceprimordialepourlaculturedes
cereales,etquiestparendroitotalementerode.
3) lesformesdererosionparl'eau.
La cartedemontrequeI'erosionapparaitsurtoutdansles
.terrescultivees.Destendancesauxdommages,elonl'expo.
sition,la formeet l'inc1inaisondespentesontdistinctes.
Les'originesdesformesd'erosionsontreconnaissables.La
possibilited'etablir des mesuresde protectioncontre
l'erosiondu solsubsiste;cependantlesprocessusd'erosion
doiventetreencoreetudiesetindusdanslapratique.
1. Introduction
The upperJinbarvalley,objectof thissoilerosion
map,lays in the centralhighlandpartof themap
"SimenMountainsNationalPark 1 : 25000" by
MESSERLI, STAHLI and ZURBUCHEN (1975),
between3200and4000m abovesealevel(fig. 1).
The lower part of the valley is cultivatedwith
barleyup to the naturalclimaticlimit of 3400to
3700 m, the upper part is coveredwith mainly
erica trees(Erica arborea)up to an elevationof
3600to 3800m.In higheraltitudes,abovethetree
line and the cultivatedarea,thereis a mountain
steppeusedaspasture.
The climateis a seasonallywet tropicalone,but
.c)"!ar~cterizedby the high altitude, and it has
mediumtemperatureswith little annual,but high
diurnaldifferences(between2 and 12centigrades
on the average).Most of the rainfall is in the
summermonths(over1200mm).Duringtherains,
the villageof Gich is usually coveredwith fog.
(Gich lays in the centerof the soil erosionmap,
andhasabout700inhabitantsor 130houses.)
Basicfood for the inhabitantsof theupperJinbar
valleyis barley.Each sideof thevalleyisploughed
everysecondyear,whiletheother,sidelaysfallow.
Peopleploughany slope up to 80% inclination
with a pair of oxen,without beingawareof the
damagecausedby soil erosion. (The plOU~lis
madeof wood with a coulter.)Widepartsof the
cultivatedareaare alreadyextremelydamagedby
soilerosion.
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The laws of the SimenMountainsNationalPark
prohibit people from extendingtheir cultivated
landinto thelastremainingforests.If theirexisting
land .is not to be destroyedwithin a shorttime,
measuresagainstsoilerosionhaveto beinitiatedas
soon-as possible.The soil erosionmapincluded
showsthe existin&damage,analysessoil erosion
forms and helps to Imdappropriate patternsof
landusewith soilconservationmeasures.
2. Soilerosion
Soil erosionis causedby man'simpacton nature,
he disturbsthe naturalrateof soil foI111<ftionand
soil reduction,andcausesanacceleratedprocessof
soil movements.Denudation,sheeterosion,rill
erosion,gully erosionand accumulationare,the
forms of soil erosion,causedby waterand wind
(SCHULTZE 1952: 4; RICHTER 1965:2). Soil
erosion parameterssuch as long and,intensive
rainfalls,steepand long slopes,andfallow areas,
especiallycumulate in mountain areas.Soil is
removedbutnot replaced,yieldsdiminish,andmen
areforcedto seekfor more (andin consequence
steeper)cultivatedland. Such a processbecomes
catastrophicwithin a short time, if appropriate
measuresare not taken againstit immediately.
Adaptedsoil conservationmeasureshowevercan
only be found, if soil erosionhaspreviouslybeen
studiedthoroughly.
Therearetwo waysto studysoilerosion:Oneis to
measureand study the damagecausedby soil
erosion,the secondis to study the soil erosion
processes.To carryoutthefirstmethod,asystem
to describethe formsof soil erosionhasto be
found;i.e. how to showit-on a map.For the
secondmethod,thesoilhasto beobservedwhen
soil erosionoccurs;knowledgeof climate,soil,
topography,croppingandsoilconservationmeas-
uresareessential.
This articleis the resultof the first method:
Mappingthedamagesof soilerosion.Fieldobserva-
tionsfor thesecondmethodweredonein 1975
and1976,theywillbepublishedin a laterarticle
(in preparation).Together,thesetwomethodswill
allow to evaluatefactorswhich influencesoil
erosionprocessesandalsoleadto appropriatesoil
conservationactions. .
Soil erosiondamagecanbestudiedin twoways:
Oneis to studythedamagedonetothesoilprofile
- bydiminishingtheuppesthorizon,theotheris to
mapthedamagewhichisvisibleonthesoilsurface
(rills,gullies).A combinationof boththeseme-
thods will leadto a mostprecisesoil erosion
damagemap.Beforemappingthesoilerosion,it is
howeveressentialto studythesoilprofilesof the
Jinbarvalleyin theirundisturbednaturalcondi-
tionsaswellasto summaryallsoilerosionforms
whichoccurin it.
2.1. Thesoilprofile
If therewerenohumaninfluence,thewholeupper
Jinbar valleywould havehad a moreor less
uniformsoil prof1le.In the upperpart of the
valley,whereonly woodsandgrasslandoccur,
damageby soil erosionis not apparentand
thereforethesoilprof1lescouldbestudiedintheir
almostnaturalconditions.Resultsof a mineral
analysisby theDepartmentofMineralogy, Univer-
sity of Berne(Prof.Peters)withsoilsamplesby
Prof.Messerli(Departmentof Geography,Univer-
sityof Berne)wereavailable.Withlittlerestriction,
thesoil canbetypifiedin anidealprofile(fig.2
andonthemap).
The wholepedoncanbeclassifiedasanANDO-
SOL. Laboratoryanalyseshoweverarenot yet
accomplished,they will be publishedin a later
article.SEMMEL (1964:485)didsoilstudiesin
Gojamandfoundsoilsof theorderof INCEPTI-
SOL in thesimilaraltitudinalbelt(called..Degan,
'theAmharicwordforhighiandover2800m).
2.2. Thesoil erosionforms
The many differentformsof soil erosion,which
can be seenin the barleyfieldsand aroundthe
villageof Gich, haveto be classifiedin order to
present them on the map. The erosion forms
Figure2: IdealProfile
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Blackhorizon
Brown horizon
Basalticrock
Description:
I Black horizon:Very fine-grained,mouldyblacksoil,
whichdriesoutquicklyfromthetopinthedryseasonand
changesto a browncolour.Many,sharpcorneredand
roundedcornsof quartzandfeldsparshowa secondary
supplyof volcanicmaterial(ashes).Thedepth~ftheblack
horizon,whichvaries lightlywiththeslopeform,isabout
70cmontheaverage. -
II Brownhorizon:It consistsof a clayey,silty,yellow-
brownmatrixwith a lot of stones(diameter1-10 cm).
Quartzandfeldsparcornsshowthat I and II correspond
pedogenetically.The depth of the brown horizon - if
existant - variesvery much from a few centimetersto
meters.On its top, erosionseemsto havediminishedthe
brownhorizonbeforetheuplayof theblackone.Rillsand
gulliesareproofof suchan erosionphase.Sinceit hasa
lowerlimit at about.3000to 3300m abovesealeveland
becomesdeeperwithhigherelevation,thishorizonseemsto
correlatewiththeyoungPleistoceneglaciationonthevery
topsof someSimienmountains.
III Basalticrock:The rockyundergroundis weatheredto
a high degree,evenif the porphyrictextureremained.
Crystalsand the matrixarecompletelytransformedinto
claymineralsandamorphicsubstance.Remnantsofanold
cambisolbetweenII andIII aresometimesexistant.
causedby surfacerun-off are sheeterosion,rill
erosion and gully erosion (BENNET 1955:
59-70). Wind erosion forms are negligiblein
Simen.Thethreegroupsof watererosionhadto be
modified slightly for Simen in order to be as
realistkaspossible.Figure3 showsthecorrelation
of the differentsoil erosiongroupsas they were
usedto presentsoilerosiondamageonthemap.
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Figure3: SoilErosionForms
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3. Thesoilerosionmap
Sincetherehavenot beensoilerosionmapsin
Ethiopiabefore,an adaptedlegeridhad to be
found to describethe soil erosiondamagein
Simen.The mapincluded.is an experiment'ifr
mappingsoilerosioninawaythatit contributesto
soil erosionprocessstudiesas well as to soil
conservationmeasures.
Thereforesinglerunoffdamageformsweremapp-
ed.aswellasthedamagedimensionsin different
areaunits,andthedepthof thetopblackhorizon
in areaswheresoil erosionhadnot destroyedit
completely.
To describethedamagedimensions,weusedthe
factthatthewholeupperJinbarvalleyhasgotthe
samesoilformationwithblackandbrownhorizon.
Theproportionbetweenpartswithdamagedand
partswithundamagedhorizonswasusedto in-
dicatethe severityof soil erosion.In 1956,
STEINMETZhadusedasimilarmethodeveloped
by KuronandJung(JUNG 1953)to describesoil
erosionandsoilusability.
Withthese lements:
- damagedimensionclassifications,
- blackhorizondepthclassifications,
- surfacerun-offdamageforms,
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it waspossibleto describeall formsof sheet,rill
andgullyerosionas viellas to showwheresoil
conservationmeasureswillbemosturgentlyrequj,r-
ed,The followingchaptersgiveexplanationsand
contributionstothemap'slegend.
3.1. Woodsandgrassland
Woodsandgrasslandoccurin thehigherareaof the
upperJinbar valley,whereeitherclimaticlimitsor
the law of the NationalParkpreventpeoplefrom
cultivatingalsothis partof thevalleywith barley.
The only .spots where soil erosionoccurs, are
erodedpathscausedby cattle,rivercrossingsand
wateringplaces.Therestof thesoilis protectedby
thethickmountainsteppeandtheEricawoods.
Knowledgeof the depthof thetop black horizon
in this undestroyedpart will enableus to see
whether there was any reduction of the same
horizon in the cultivatedarea. On about 200
representativepoints, soil samplesof the black
horizonhavebeenmeasuredin depthandcompar-
ed with elevation,slope exposure,slope form,
inclination and vegetationcover.Results of the
statisticalevaluationcan be summarizedby three
statements:
TypicalEastern-exposedslope
in theJinbarvalley.
The soil is extremelydam-
aged by soil erosion. In
many places the rock is
completelydenuded.Gullies
are numerous.Yields are
minimal.
Bushesretainsomeearthin
extremelyerodedareas.On
bothsidesof thebush,gullies
arewashedintotheweather-
edbasalticrock.
Immensequllyon oneof the
barley fields of the Jinbar
valley.
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1)The blacksoil depthdoesnot varywith eleva-
tion, exposure,andvegetation,but is 68emon
the averagewith little averagedifferences
(:t3 em).
2)The black soil depth slightlydiminisheswith
increasingslope inclination: 0-33 %: 71em,
34-69%:61em. .
3)The blacksoildepthsignificantlyvarieswith the
formof slope:
(depthsamples)
Stronglyconvexform:55.0emaverage 27
Convexform: 62.4emaverage 33
Straight(orm: 69.5emaverage 81
Concaveform: 77.5emaverage 46
Stronglyconcaveform:81.1emaverage 15
The 200 soil depthsamplepointswith their
parameters,lopeformandinclination,madeit
possibleto presentheblackhorizondeptharea-
wisein thewoodsandgrassland.Further300soil
depthsamplesweretakenin thelightlydamaged
areasof the barleyfieldsand also presented
areawise.Knowingthe soil depthin its natural
condition(theuncultivatedsectionof thevalley),
allowsto showtheeffectof sheeterosionin the
barleyfields.(Chapter3.3.and4.2.willcontribute
tothisquestion.)
3.2. Barleyfields
Thewholeof thelowerpartof thevalley(beyond
Gichvillage,whichismarkedwithblackpointson
themap),isusedforcrops(barleyfields)presented
on the mapin the four coloursyellowto red.
Thesecoloursrepresentdamagedimensions,and
indicatethegeneralextentof thecultivatedarea.
Generalizedtermswereusednecessarilytodescribe.
themanydifferentsmallforms.of soilerosion.We
hadto dosuchageneralization,becauseit wasnot
possibleto presentsingleerosionformswiththis
map'sscale:I : 25000(1romrepresents25 me-
ters).
Thegeneralizationwasto dividethebarleyfields
intoareaunits(greaterthan600m2),limitedand
selectedby.soilerosiondamagedimensionsand
topographicparameterssuchasslope,slopeaspect
andformof slope.In eachunit,it wasestimated
whatpercentageof thetotalof theunitareahas
destroyedsoilhorizons(throughreductionof the
blackhorizonandploughingintothebrownone,
or throughrillsandgullies).Asresults,wegotfour
classesof soildestruction:
Greaterthan60% extremelydamaged
40-60 % heavilydamaged
20-40 % moderatelydamaged
Lessthan20% lightlydamaged
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An example:If lessthan40%of aunitareahada
normalsoilprofilewithblackandbrownhorizons,
i.e. if therewasmorethan 60St of the soil
horizonsmixedanddisturbed,theunitwasclassi-.
fiedextremelydamaged.
All unitsof thebarleyfieldswereclassifiedinto
the four colours.On themap,theoriginalarea
unitsarenotpresentedagain,but onlythesum-
marizedfourclassesof damage.
Besidesthisgeneralclassification,damagedspots
(suchascompletelyerodedsoil,etc.)weremapped
to scale,andthedepthof theblackhorizoncould
bepresentedareawiseinlightlydamagedareaswith
the 300 soil depthsamplepoints(as already
mentionedin3.1.).
3.3. Depthof theblackhorizon
Thesoildepth.measuringsin boththewoodsand
grasslandandin thebarleyfieldsarebasicdatafor
a specialstudyaboutsheeterosion.Comparison
betweensoildepthsin theundisturbedwoodsand
grassland(200samples)andthelightlydamaged
barleyfields(300samples)will beinteresting(see
4.2.).The 200samplesin theuncultivatedwoods
andgrasslandservedas indicatorsof thenatural
soil depth,relatedto slopeinclinationandform
(see3.1.).Themeasuredepths,varyingfrom25
to 110em,wereclassifiedin four classes:>80,
60-80,40-60,and<40centimeters,andpresent-
edareawise.In thelightlydamagedbarleyfields,
wherethedepthsamplesaretwicethedensityof
theuncultivatedsection(300sample.pointsonhalf
theareaof thewoodsandgrassland),theywillgive
amuchmoreexactevaluationforthearea.Because
of themapscalethesesinglesamplepointscould
notbepresentedonit (overloadingof themap).
3.4. Damagedspots
Damagedspotsasresultsof linearerosionoccurin
both the woods and grasslandand in the barley
fields.Spotswherethesoilhasbeenerodedto the
rock (rock completelydenuded),indicatethefmal
phaseof soil erosion.They aremappedin astrong
redcolourandto scale.
Places where soil horizons have been mixed
throughploughing,aremarkedwith threereddots.
In theseplacestheblacksoil hasbeenreducedto
about 30 cm, so that ploughinggoesthroughit
into the brownhorizonandbringsitsstonesto the
surface.These placesappearmostly on convex
slopeforms, wherethe black horizon wasnever
verydeep.Hydrologically,suchplacesaredrierand
allow a quick drying out of the soil when not
coveredby vegetation.Erosionby wind andwater
will bestrongerthereandreduce.thetophorizon
until ploughingoesdeeperthroughit into the
brownhorizonorweatheredrock.Theseplacesare
veryimportantfor initialsoilerosionprocesses.In
theextremelydamagedareas,theseplaceswerenot
mappedbecausemostof the soil wasmixedor
reducedin anycase. .
An accumulationof soilremovedfromtheslope
above,isfrequentin extremelydamagedareasand
variesfroma few centimetersto meters.Those
areascanwellbeusedforcultivation,evenif many
of themhavesecondaryerosionwithgullies.
Damagecausedby cattlesuchaserodedpaths,
rivercrossingsor wateringplaceshavebeenmapp-
edwheretheymightinitiatemoresoilerosion.
Gulliesweredifferentiatedin theirdepthandin
theformofslopewheretheyexist.
4. Interpretationof thesoilerosionmap
Themaprespondstothefollowingdemands:
1)Damagecausedupuntil1974ismappedandwill
givethepossibilityof comparingwith 1974in
lateryears.
2)The map showsdifferentparameterswhich
influence.soil erosion,such as slopeaspect,
inclination,vegetation,formof slope,gullies.
3)The total soil loss on any slopefrom the
beginningof humancultivationuntil 1974can
beestimated(but.nottheannualsoilloss).On.
theaverage,thislossis about1000metrictons
per hectare,or about 15cm in soil depth
(HURNI,inpreparation). .
4)If largerareasthantheupperJinbarvalleyare
investigatedfor soil erosionin Simen,the
presentworkservesasamodelandcomparison
area.
5)Themapisusefulasacontributiontobasicdata
forsoilconservation.
Each of the three elements:Damagedimension
classification,depth of the black horizon, and.
damagedspotscontributeto the abovedemands.
The mapshowsclearlythatman,withhiscropand
land management,initiates soil erosion.A big
concentrationof damageoccursin the.barleyfields
of thevalley.Cattleproducemuchlesssoilerosion
in thewoodsandgrassland.
4.1. Interpretationof thedamagedimensionclassi-
fication
The map shows,that' there exist largedamage
dimensiondifferencesin the upper Jinbar valley;
An interpretationof thesedifferencesallowsto
emphasizetwomainstatements:
I) The barleyfieldsSouthof theJinbarrivershow
less soil erosion than the ones North of it.
Reasonsfor sucha conservationto theSouth,
might be less rainfall intensity,or that the
cultivationmight be morerecentthan that to
theNorth.Thesequestionsarenowunderstudy
(in prep.).
2)Most of theareasdamagedmorethan20% are
exposedto the South or East. The affluents
flowing from Gich to the Jinbar river,clearly
showthistendency:West-exposedslopesdonot
show any severedamage,whereasmost East-
exposedslopes are extremelydamaged.Soil
erosionprocessstudiesshoweda directrelation
betweenthe Eastern-exposedslopesand the
rainstormdirectionfrom Northeast(in prep.).
Steeperslopesaregenerallymoredamagedthan
gentle ones. Ways and paths often initiate
extremedamageon slopesby carryingconcen-
tratedwaterflowsonthem.
4.2. Interpretationof the depth of the black
horizon
The average-depthin the woodsandgrasslandis
68cm,varyingwith slopeformandinclination.In
the barleyfields, someareasshow a diminished
depth,mainly on convexslopeforms.Here,the
'"depthclassof 40-60 cm is muchmorecommon
than in the woods and grassland.This must be
explainedasaresultof sheeterosion.
4.3. Interpretationof damagedspots
The areaSouthof theJinbarriverislessdestroyed
by soil erosionthantheoneNorth of it. Damaged
spotsof all stagescanbefoundin thispartof the
barley fields.This enablesus to givea morpho-
geneticidea of the developmentof soil erosion
forms,whichis:
1.Mixedsoilhorizonsdevelopon convexspotsby
ploughingthe reducedblack horizon together
with the brown one. Wind denudationand
dryingoutof thesoilareintensified.
2.Rainfall effectsa washoffof the mixedsoil to
the barerock, becauselittle soildepthcannot
absorba lot of waterand the surfacerunoff
increasesproportionally.
3.The denudedrock remainswithoutvegetation
the wholeyearand soil erosionis effectiveall
yearlong.
4.Accumulationsarise where slope inclinations
decreaseonthefoot of suchdestroyedspots.
5.Whendeepenough,secondarygulliescarvethe
accumulationsagain..
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Spotswheretherockhasbeencompletelydenuded
by soil erosion,aremappedto scalein strongred
colouT. The map shows,that the densityof all
thosespotsalonewould makeit possibleto do a
sufficientlyexactestimationof thedamagedimen-
sionby soil erosionin anyslope.On aerialphotos,
suchdenudedrockscanbemadeout fairly easily.
It would thereforebe possibleto do a general
reviewof soil erosiondamagesin Simenby aerial
photo studies,mappingall the spotswherethe
rock has completelybeendenuded.Such studies
havenotyetbeendonein Simen.
S. Soilconservation
Thisarticleshowsthatsoilconservationistheonly
wayfor theSimeninhabitantsto solvetheirsoil
erosionproblems.If nostepsaretakenagainstsoil
erosion;theactualsoil losswill leadto a catas-
trophiccropsituationwithinthenextfewdecades.
The Simenpeoplehavealreadytakensomesoil
conservationmeasures.With theseactionsthey
show that they recognizethe problemof soil
erosionandarefightingagainsti . Unfortunately,
theyhavenotyetdevelopedeffectivetechniques
againstsoilerosion,buttheyarereadyto accept
any helpfromoutsidein orderto improvetheir
situation.Thefollowingchaptersgiveashortlistof
measuresalreadystartedbytheSimenpeopleand
futurepossibilitiesfor soilconservationmeasures.
5.1. Measuresalreadystarted
Cutoffdrains:
Surfacerun-offwateris caughtby horizontalOr
slightlyinclinedwaterditches.
Benchterraces:
A fewverysimplebenchterraceshavebeenbuiltin
somepartsofSimen,
Bushes:
Fieldswhichcannotbeusedfor cultivationany
moreareleftfallow.Hypericumbushesgrowon
the patchesof soilandprotectit againstfurther
erosion.
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5.1. Somepossibilitiesfor consenoatiollmeasures
The measuresmentionedbelowareincomplete.
theyonlyserveasdiscussionpoints.
Cutoffdrains:
If numerousenough,ditchesmaybeeffectiveon
slopesbelowII %ininclinationtocatchthesurface
runoff.
Benchterracing:
'Differentkindsof benchterracescanstabilize
slopesfrom II to about56% inclination.This
wouldbeaverylabour-intensivemethodrequiring
workandfinancialassistanceforaperiodofyears.
Dams:
Withindams,gulliescanbestoppedfrommoving
backwardsintothesoil.
Reafforestation:
Slopeswithmorethan56%inclinationshouldbe
reafforestedwith naturaltreesin conservation
areasandwithtreesfor domesticuseoutsidethe
NationalPark.
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